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In a  former paper 1 the  action on the pneumococcus of sodium 
oleate alone and in combination with an immune antipneumococcus 
serum was described and the results of the application of this action 
to experimental pnenmococcus infections were given.  The present 
paper deals with the extension of the study of lysis of the pneumo- 
coccus, in which the comparative activities of certain other unsatu- 
rated fatty acids and soaps have been tested.  In view of the close 
relationship which early manifested itself between the lytic power 
of these compounds  for the pneumococcus and  for red blood  cells 
the  study was  made to  include  hemolysis  also.  This  parallelism 
between lysis of red blood cells and of virulent pneumococci, which 
exists also in the action of bile,  is all the more striking when com- 
pared with the action of soaps upon other bacteria.  Streptococcus, 
for instance, is  readily killed by oleic acid soaps but,  in contra-dis- 
tinction to pneumococcus, it is not dissolved. 
The  fatty acids which have been tested comprised a  mixture of 
unsaturated acids obtained from the livers of rabbits poisoned with 
phosphorus,  and also several single isolated acids of known chem- 
ical  composition  and  structure.  The  former  will  be  considered 
first. 
FATTY ACIDS IN TI-IE  LIVER IN EXPERIMENTAL PHOSPHORUS 
POISONING. 
The liver in experimental phosphorus poisoning was chosen as a 
source  of  unsaturated  fatty  acids  because  it  has  been  shown  to 
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contain them in relatively large quantities,  and also because of the 
difficulty of obtaining unsaturated acids from the trade. 
The  difference  in  content  of  fatty  acids  between  the  normal 
liver and the liver in phosphorus  poisoning is partly a  quantitative 
one but especially' one of state. 
I-Iartley  ~ showed that  approximately one-half of the higher fatty  acids  in the 
normal  liver of the pig are  unsaturated  acids  exlsti.ng  to  a  considerable  extent 
in  lecithin  and  similar  complexes.  He  proved,  the  presence  of  oleie  and  of 
Iinolelc acids  and  obtained  evidence which  pointed  to  the  presence  oi  an  acid 
having the  formula  C.-0I-t~O.~ and  forming about' Io per  cent.  of  the  total  fatty 
acids.  Mansfeld  ~ recently  found  that  the  normal  liver  upon  extraction  with 
ether yielded as  free fat only one-half or less of its total fat, the remainder being 
bound with protein in  such  a  way as to be insusceptible of being extracted with 
ether  unless the protein  was  first  digested or  denaturized.  In  marked  contrast, 
the liver in phosphorus poisoning yielded all of its  fat, from which he concluded 
that not  only the  fat which had  been  deposited  in  the liver but  also that  which 
existed  there  already  was  free.  He  noted  further  that  in  advanced  degenera- 
tion  caused  by  phosphorus  some  of  the  fatty  compotm6s  were  split  into  free 
acid  and  glycerin.  Similarly,  Joannovics  and  Pick  ~ observed  in  poisoning  by 
toluylendiamin  and  phosphorus  and  in  acute  yellow  atrophy  that  powerfully 
hemolytic  unsaturated  acids  existed  free in  the  liver in  much  greater  quantity 
than  in  the  normal  liver;  and  confirmatory  observations  to  these  have  been 
recorded by Ehrmann and Stern  ~ and by Jacoby.  G 
We  employed  a  number  of  rabbits  to  which  phosphorus  was 
given sometimes in the  form of pills by mouth, but  usually as the 
oil  injected  subcutaneously.  After  bits  of  tissue  were  taken  for 
sections the livers were finely ground, mixed, and weighed, and the 
moist material extracted in the manner to be described later. 
In order to secure information concerning the nature and degree 
of  fatty  change  and  the  relation  between neutral  fats  and  phos- 
phatides,  a  dttplicate  series  of  sections  was  prepared,  the  one  cut 
from  frozen  tissue  and  stained  with  Sudan  III,  the  other  mor- 
danted with potassium bichromate,  imbedded in paraffin, and  then 
stained  with  Sudan  III,  according  to  the  method  of  Ciaccio  for 
lecithin.  When  sections  are  prepared  in  the  latter  way  neutral 
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fats,  free fatty acids, and cholesterin are dissolved away -while the 
lecithins remain to take up the stain.  With the help of this method 
Ciaccio  ~  has  made  a  contribution  to  the  study  of  lipoids  in 
stained  sections  similar  to  that'  made  by  Kaiserling  and  Orgler, 
who  first  awakened interest  in  the  polariscopic  differentiation of 
certain lipoids from neutral fats.  He has supplied evidence which 
points to  a  special lecithin metabolism in hematopoietic tissue and 
also  to  a  peculiar lecithin degeneration in  distinction to  fatty de- 
generation. 
A  comparative study of the  sections prepared as stated showed 
that in all of the livers, most strikingly in the extremely fatty ones, 
about one-half of the fat consisted of phosphatides, which took on 
an orange yellow color in the imbedded tissue, while all of the fat 
in  the  frozen sections  was  stained a  deep red.  Both  the  neutral 
fats and phosphatides in some of the livers appeared as extremely 
fine granules, resolved only by the high power, studding the cells; 
in others they occurred in small and large drops completely filling 
the cytoplasm of the cells. 
EXTRACTION  OF THE  ORGANS. 
1,26o  grams  of  the  fresh,  finely  ground  liver  substance  were  extracted  in 
portions  with  about  three  volumes  of  absolute  alcohol  at  36°  C.  for  three  or 
four  days,  the  alcohol  being  renewed  twice.  After  d'ecanta~tion  of  the  last 
alcohol, the pulp was expressed in a  fine cloth, dried at 36° C.,  and then extracted 
for two or three days  with  Merck's  dry reagent  ether in the Soxhlet  apparatus. 
The  combined  alcoholic  extracts  were  evaporated  in  the  fan,  drying  apparatus 
and  the  residue  extracted  with  several  portions  of  absolute  alcohol  and  then 
with  ether.  The  last  obtained  alcoholic  extract  was  dried  and  the  residue 
extracted  with  ether.  All  of  the  ether  .extracts  were  filtered,  combined,  and 
precipitated  twice  with  acetone.  In  this  way,  32.44  grams  of  phosphatides 
(2.57 per cent.  of the weight of  the original moist material)  were obtained and 
set  aside.  The  remaining  acetone-ether  filtrate,  which  contained  principally 
neutral  fats,  free  fatty  acids,  and  some  cholesterin;  was  evaporated  and  56.3 
grams  (4.47  per cent.)  of  residue  obtained.  This  fraction consisted  of a  bright 
yellow  material  having  a  pungent,  but  not  rancid,  odor.  At  room  temperature 
it  was  a  thick,  oily  liquid  with  many  white  flakes  and  small  masses.  In  the 
ice-chest  it  solidified  to  a  yellowish  white  mass.  A  part  of  this  fraction  was 
extracted  with  several  portion,  s  of  absolute  methyl  alcohol  in  an  attempt  to 
separate  largely  the  free  unsaturated  fatty  acids  as  the  most  active  hemolytic 
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constituents.  The  results  of  he/nolytic  tests  with  this  methyl  alcohol-soluble 
fraction both before and after saponification were encouraging but not satisfying. 
Further  appropriate examination  of  the  fraction  revealed the  presence  m,  not 
inconsiderable quantities of cholesterin and also of solid saturated acids having 
a melting point at 55 ° C., corresponding to a mixture of stearic and palmitic acids. 
So that to this admixture with inactive saturated acids and inhibitory cholesterin 
the unsatisfactory result of the hemolytic tests was attributed. 
Therefore  in  order  more nearly completely to  isolate the  unsaturated' acids 
resort  was  had  to  the  lead  soap-ether  method.  The  remainder  of  the  methyl 
alcohol-soluble  fraction  was  saponified  in  the  customary  way  with  alcoholic 
caustic potash,  the  resulting  soap  solution  diluted with water,  neutralized with 
hydrochloric  acid,  and  extracted  repeatedly with  ether  in  a  separatory  funnel 
to  remove cholesterin.  The  soap  solution was  then  precipitated with  hot  lead 
acetate solution, the lead soaps washed three times with hot water  in the usual 
way, and  then  extracted with  ether.  The  ether solution of lead soaps was  de- 
composed with hydrochloric acid, the liberated fatty acids washed free of mineral 
acid,  and  the  ether  driven  off  on  the  water  bath.  The  iodine  value  of  this 
mixture of unsaturated acids as determined at once was I27. 
Having thus  secured the unsaturated acids as nearly free as practicable from 
inactive  and  inhibitory substances,  we  were  prepared to  test their  action  upon 
the  pneumococcus  and  upon  red  blood cells, and  to  compare  it  with  that  of  a 
few other acids. 
LYTIC ACTIOI~ OF ACIDS AND SOAPS. 
The available acids to be tested comprised  the above described 
mixture of acids obtained from the phosphorus livers  and composed 
largely of oleic and linoleic acids with probably a small  quantity 
of still  more unsaturated acids; crotonic acid, oleic  acid, and erucic 
acid,  all  of  the  oleic  series;  linoleic  ~ acid,  a  straight  chain  acid 
of the  linoleic series;  and  chaulmoogric  acid,  isomeric with  linoleic 
but  containing  a  closed  carbon  ring,  and  hence  belonging  to  the 
cyclic  series.  These  acids,  except  the  last'  named,  were  Kahl- 
baum  preparations,  The  soaps  were  made  by  neutralizing  the 
acids  with  alcoholic  caustic  potash.  The  chaulmoogric  acid  was 
isolated  from  chaulmoogra  oil  according  to  the  method  employed 
by Power  and  Gornall,  s  who  first noted  its existence  and  described 
its  structure.  After  several  crystallizations  from  petroleum  ether, 
the acid which  we finally employed  consisted of delicate white  silky 
crystals  melting  at  68 °  and  having  an  iodine  value  of  9o.I3,  the 
theoretical  value  being  9o.7. 
In  the  hemolytic  tests  progressive  dilutions  of  percentage  solu- 
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tions, or suspensions, were employed in order to obtain comparative 
results  of quantitative  activity. 
With  the  exception  of  crotonic  acid  which  is  soluble  in  water, 
the various  acids were made into  IO per cent.  solutions  in reagent 
methyl  alcohol  and  from  these  sohltions  fresh  suspensions  were 
made  in  distilled water,--I  per cent.,  o.I  per  cent.,  and  o.o2  5  per 
cent.,--and  added  to  the  suspension  of  blood  cells  within  a  few 
seconds.  "Working rapidly in this way it was possible to obtain and 
employ fine, nearly uniform suspensions of the insoluble acids.  The 
soaps being freely soluble in water were added in aqueous solution. 
Each tube contained two cubic centimeters of a  5 per cent.  suspen- 
sion of dog's blood cells, the requisite quantity of acid suspension or 
soap solution to make an ultimate dilution varying  from  I-IOOO to 
1-12o,ooo,  and  sufficient o. 9  per  cent.  sodium chloride  solution to 
make the total volume three cubic centimeters.  The mixtures were 
put into the incubator  for one hour,  during  which time they were 
frequently  shaken,  and  then  removed  to  the  ice-chest  for  twenty 
hours.  It  is  noteworthy  that  the  action  of  these  substances  con- 
tinues  in  the  cold. 
Besides  merely  comparing  the  activity  of  the  free  acids  with 
that of their soaps, and of the various acids and soaps among them- 
selves,  we were  interested  in the  relation  -which  certain  characters 
of the compounds might bear to their lytic activity; notably, iodine 
value,  configuration,  position  in  homologous  series,  and  solubility 
in water. 
Below is given a table which embodies these points and the results 
of the tests,  that  dilution  at  which hemolysis was  complete at  the 
end of twenty hours being given. 
A  study of the table shows: 
1.  That  the higher  acids of the oleic series are very much more 
strongly  hemolyt!c than  the  low  crotonic  acid.  Indeed  the  action 
of crotonic acid is probably due wholly to its acidity, and the result- 
ing hemolysis is of a different nature from that caused by the higher 
lipoidal  acids  and  hence  they are  not  strictly  comparable. 
2.  The  soaps  of  the  higher  acids  are  all  more  active  than  the 
free  acids.  Witness  their  greater  solubility. Richard  V.  Lariat.  385 
TABLE  I. 
Substance tested. 
Crotonic acid. 
Normal potassium 
crotonate. 
Oleic acid. 
Sodium oteate. 
Potassium oleate. 
Erueie acid. 
Potassium erucicate. 
Mixture of  unsaturated 
acids from livers. 
Potassium soaps of  same 
Llnoleic acid. 
Potassium linoleate. 
Chaulmoogric acid. 
Nonnal potassium 
chaulmoograte. 
Linolerde acid 
Potassium linolenate 
Formula. 
C~HeO~ 
C1sH~iO~ 
CmH42Oe 
CtsH~O2 
C1sH3~Os 
C~sH3002 
Series. 
Oleic. 
Oleie. 
Oleic. 
Oleic, linolelc, 
and probably 
CnHm-80~. 
Linoleic. 
Linoleic; cyclic. 
Linolenie 
Solubility 
in water. 
x2 parts. 
Deliquescent. 
Insoluble. 
Io parts. 
4 parts. 
Insoluble. 
Shghtly son 
uble. 
Insoluble. 
Very soluble. 
Insoluble. 
Very soluble. 
Insoluble. 
Very soluble. 
Insoluble. 
Very soluble. 
Complete 
hemoIyms. 
1--5,O00" 
No hemolysis 
at  I--l,O00 
1--20,000 
1--30,OOO. 
1--24,O00 
1--I5,000 
1-24,000 
1--24,000 
50,OOO 
1-3o,ooo 
I--IO0,O00 
I-5.ooo 
I--lO,O00 
1--40,O00 
1--150,OOO 
*tIemolysis due  to  acid ~'eaction;  hemoglobin  discolored, 
3.  There is in general, among the higher acids,  a  close relation- 
ship  between iodine value  and  hemolytic strength,  the  higher  the 
one,  the greater the  other. 
4.  Configuration bears a  relationship to hemolytic activity, since 
chaulmoogric  acid,  isomeric  with  linoleic,  though  taking  up  only 
two halogen atoms, is less active even than oleic acid. 
5.  No one of these characters alone serves as a  reliable criterion 
of hemolytic power. 
6.  The greatest activity is shown by potassium linolenate, which 
exhibits a  happy combination of a  large number of carbon atoms, 
straight chain structure, high iodine value, and  free solubility. 
The  results  with  01eic  acid and  sodium  oleate  are  the  same  as 
those  secured  by  Noguchi.  9  And  those  obtained  with  crotonic, 
oleic,  and  erucic acids  and  their  soaps  are  similar  to  the  results 
of  Faust  and  Tallquist  1°  who  compared  the  hemolytic action  of 
these acids with that of the oleic acid cholesterin ester which they 
isolated from the body of the bothriocephalus tape-worm. 
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ACTION UPON THE  PNEUMOCOCCUS. 
For the tests upon the pneumococcus the potassium soaps of the 
acids  were  employed.  The  plan  of  experiment  was  the  same  as 
that  employed for the in  vitro  experiments  with  sodium oleate de- 
scribed  in the  first paper. 11  The  action of the  various  soaps was 
tested alone and in combination with normal  goat serum.  The re- 
sults in brief ace as follows : 
I.  There  is a  close parallel  relationship  between the  lyric activ- 
ity for red blood cells and  for the  virulent  pneumococci. 
2.  The  difference  between  the  action  of  these  soaps  and  the 
action  of  sodium  oleate  as  previously  described  is  a  difference in 
intensity  alone. 
3.  Potassium  linoleate  and  potassium  linolenate  are  the  most 
active  of  all  soaps  which  were tested,  and  they  are,  respectively, 
about four and six times as destructive as sodium oleate. 
4-  Normal goat serum inhibits  the action of all of the soaps, but 
with  the  same  quantity  of  serum  the  inhibition  is  much  less  in 
the case of those soaps of the acids having high iodine values; par- 
ticularly  is this  true  of the  potassium  soaps  of the  acids  obtained 
from  the  phosphorus  livers,  and  of  potassium  liuoleate,  and  of 
potassium linolenate. 
11 Loc.  cit. 